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ABSTRACT. 

/ /’ L-d . 
The fundamental  d i f f e r e n c e s  between magnet ic  s to rms  w i t h  

sudden and g r a d u a l  comnencenent a r e  enumerated. It i s  f u r t n e r  

s h o r n  t h a t  t h e  SC-storms exceed i n  i n t e n s i t y  t h e  G - s t o n ~ s .  The 

dependence o f  t h e  number of SC-storms upon t h e  phase i n  t h e  c y c l e  
tak 

o f  a c t i v i t y  is ob ta ined ,  namely,during t h e  y e a r s  o f  i n c r e a s e  i n  

s o l a r  a c t i v i t y  t h e r e  a r e  twice  as nany SC-storms t h a n  i n  t h e  y e a r s  

o f  decrease .  A c o r r e l a t i o n  i s  noted  between t h e  number o f  SC-storms 

and t h e  i n t e n s i t y  Dstof o u r r e n t s  w i t h i n  t h e  11-year  cyc le .  

COVER-TO-COViR TkYiNSLATION 

Storms wi th  a sudden o r  g r a s u a l  comencenen t  have a s e r i e s  
-L. -72 - L _ . . .  
UL ULa b u i c t i u m j .  Those w i t h  a sud6en comiencenent (Sc-storms j f o l l o w  

s i m i l a r l y  t o  t h e  U-iiieasure, the  course  o f  t h e  number of  s u n s p o t s  

w i t h i n  t h e  11-year  cyc le .  The maximum o f  SC-s torm c o i n c i d e s  wi th  

t h a t  o f  sunspo t  f o r n a t i o n .  SC-storms had i n  t h e  c u r r e n t  and p reced ing  

c y c l e s  a two-summit maximum. The co inc idence  o f  t h e  number of SC- 

s t o r m s  m a x i m a  w i th  those  of  solar a c t i v i t y  p o i n t  t o  t h e  f a c t ,  t h a t  

SC-storms must be gene ra t ed  by broad s t r e a m .  



. 
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Storms wi th  g radua l  comencement ( G - s  t o r m )  show a r a t h e r  

complex d i s t r i b u t i o n  w i t h i n  the  11 -yea r  c - j c l e ,  p o o r l y  c o o r d i n z t e d  

wi th  t h e  d i s t r i b u t i o n  of  sunspo t s .  The maximum of  G - s t o r u  c o r r e s -  

ponds t o  t h e  y e a r s  o f  s o l a r  a c t i v i t y  drop. The observed r e t a r d a t i o n  

o f  t h e  m a x i m u m  of G-storms f r o m  t h a t  o f  s o l a r  a c t i v i t y  p o i n t s  t o  t h e  

narrowness of c o r p u s c u l a r  s t r eams ,  r eEpons ib l e  f o r  G-storms . B e s i d e s ,  

e q u i n o c t i a l  n i a x i m a  a r e  c l e a r l y  e x p r e s s e d  i n  G-storms, p a r t i c u l a r l y  

i n  t h e  y e a r s  of  drop  and minimum o f  s o l a r  a c t i v i t y ,  which , - l l o c ~ s  t o  

s p e a k  o f  t h e  h igh  degree  of c o r p u s c u l a r  s t r e a m s '  " r a d i a l i t y r t .  Such 

s h a r p n e s s  i n  t h e  e x p r e s s i o n  of e q u i n o c t i a l  maxima is n o t  c h a r a c t e r i -  

s t i c  Of s t o rms  w i t h  sudden commencement. 

A s e c u l a r  v a r i a t i o n  i s  n o t e d  f o r  t h e  number o f  G-storms 

from one s o l a r  a c t i v i t y  minimum y e a r  t o  ano the r .  T h i s  F e c u l i a r i t y  

i s  n o t  c h a r a c t e r i s t i c  of SC-storms . 
F i n a l l y ,  G-storms r e c u r  e v e r y  27 days ,  and a r e  capab le  o f  

forming l o n g  sequences ,  nhich p o i n t s  t o  t h e  s t a b i l i t y  of t h e  corpu- 

s c u l a r  s t r e a m s  g e n e r a t i n g  them. 

A s  a r u l e ,  s to rms  w i t h  su5den comr.iencernent do no t  form 

sequences ,  which t e n d s  t o  i n d i c a t e  s t r e a m s  of s h o r t  d u r a t i o n ,  

r e s p o n s i b l e  f o r  them. A l l  t h i s  l a y s  b a s i s  f o r  t h e  assumption t h a t  

s to rms  wi th  sudden comnencement (SC-storms ) and t h o s e  wi th  g r a d u a l  

commencement (G-storms) a r e  of d i f f e r e n t  n a t u r e .  It i s  t h u s  i n t e r e -  

s t i n g  

i n  r e s p e c t  t o  11-year v a r i a t i o n s  of 

c o n f i g u r a t i o n  from y e a r  t o  yea r  o f  t h e s e  c u r r e n t s  v a r i e s  ve ry  l i t t l e .  

"kat b a s i c a l l y  v a r i e s ,  is t h e i r  i n t e n s i t y ,  which s h e  d e s i g n a t e d  by 

Ist and IsD. 
v a r i a t i o n s  ( c u r v e s  I and I r e s p e c t i v e l y ) ,  a r e  p l o t t e d  by t h e  

a u t h o r  i n  a graph ( s e e  F i g . 3 4  o f  r e f e r e n c e  c 2 ] > ,  t o g e t h e r  w i t h  t h e  

v a r i a t i o n s  of  t h e  r e l a t i v e  number o f  s u n s p o t s  (W). 

t o  r e f e r  t o  t h e  b a s i c  conc lus ions  drawn by N. P. Ben'kova [ 2 ]  

Dst and S - c u r r e n t s .  The D 

C y c l i c a l  o s c i l l a t i o n s  of  e l e c t r i c  c u r r e n t s  DSt and SD - 
st s D  

N. P. Bentlilova n o t e s  a c o n p a r a t i v e l y  poor correspondence 

be txeen  I st and I which becomes p a r t i c u l a r l y  i n t e r e s t i n g ,  if ' 
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b .  
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'. 

one t a k e s  i n t o  account  t h a t  the  i n t e n s i t y  o f  e i t h e r  c u r r e n t  sys tem 

is computed acco rd ing  t o  t h e  same d a t a  o f  t h e  X-conponent of  t h e  

bJankayo o b s e r v a t o r y .  This  p o o r  cor respondence  c o n s t i t u t e d  one of 

t h e  i n d i c a t i o n s  on t h e  d i f f e r e n t  n a t u r e  of  c u r r e n t  sys t ems ,  whi le  

t h e  Ist - c u r r e n t s  appear  t o  be more c l o s e l y  l i n k e d  wi th  t h e  d i s t r i -  

b u t i o n  o f  sunspo t  number. During t h e  y e a r s  1919-1950, exauined  by 

Ben'kova, and which encompassed 1 6 ,  1 7  and 13 c y c l e s ,  Ist had a 

two-summit m a x i m u m  i n  1 6  and 18 c y c l e s ,  and a l s o  U-measure and 

SC-storms. 
I 

The Sg - c u r r e n t  o s c i l l - a t i o n s  a r e  much more complex, and 

t h e y  do n o t  r e v e a l  a good agreeKent w i t h  t h e  cour se  o f  t h e  r e l a t i v e  

number o f  s u n s p o t s .  N. P. Benlkova sbows t h a t  a f t e r  1938 t h e  magni- 

t u d e s  I con t inue  t o  gron almost monotonously, r e a c h i n g  v e r y  h i g h  

v a l u e s  d u r i n g  t h e  minimum y e a r s  (1943, 1944). Dispos ing  o n l y  of  

t h e  m a t e r i a l  a c c o r i n g  t o  two c y c l e s ,  i t  i s  d i f f i c u l t  t o  e x p l z i n  t h i s  

phenomenon. T h i s  conc lus ion  r e l a t i v e  t o  I a g r e e s  we l l  w i th  t h e  

conc lus ion  r e l a t i v e  t o  s t o r m  w i t h  g r a d u a l  comzei-icement. I n  t h e  l a s t  

c y c l e ,  t h e  number of  s torms  with g radua l  comuencement, r i s i n g  mono- 
t o n o u s l y ,  r eaches  t h e  maximum i n  t h e  y e a r  o f  low s o l a r  a c t i v i t y  (1952 
I n  t h e  p r e c e d i n g  c y c l e  t h e  d i s t r i b u t i o n  o f  G-storms is till  more 

complex : two m a x i m a  a r e  no ted  i n  1940 and 1943, i. e. t h e  maximum o f  

I - c u r r e n t s  i n  19113 c o i n c i d e s  w i t h  t h e  m a x i m u m  o f  G-storms i n  t h e  

same y e a r .  In an e a r l i e r  c y c l e ,  3en 'kova  no ted  an e n t i r e l y  d i f f e r e n t  

c h a r a c t e r  of ISD v a r i a t i o n .  During c e r t a i n  y e a r s  o f  h igh  solar a c t i -  

v i t y  (1927,  1928, 1 9 3 7 ) ,  t h e  edGy's c e n t e r  s p l i t s ,  i. e. two m a x i m a  

are r e v e a l e d  i n  t h e  SD ( f o r  the H-coaponent) o f  idankayo . The l a w  

o f  I v a r i a t i o n  i n  t h e  1 6 t h  cyc le  ( o v e r l a p p i n g  o f  t h e  two-suninit 

maximum wi th  t h a t  o f  s o l a r  a c t i v i t y )  is r a t h e r  i n h e r e n t  t o  t h e  U- 
measure and t o  SC-storms. I f  we t a k e  i n t o  account  t h a t  t h e  U-measure 

i s  t h e  measure of  t h e  f i e l d  " a f t e r  d i s t u r b a n c e " ,  t h i s  law must be 

also p r e s e r v e d  f o r  DSt- c u r r e n t s .  

S D  

SD 

SI) 

"D 
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4. 

The SD-curren t  o s c i l l a t i o n s  are g e n e r a l l y  s u b j e c t  t o  more 

complex r u l e s  t h a n  t h e  S - c u r r e n t s .  But t h e  f a c t  t h a t  t h e  d i s t r i b u -  

t i o n  of  SD- c u r r e n t s  does n o t  d i s c l o s e  a good cor respondance  w i t h  

t h e  cour se  of  r e l a t i v e  numbers o f  s u n s p o t s ,  makes them conparab le  

wi th  t h e  s to rms  hav ing  a gradual  comencement ( s e e  F ig .  1 & 2 ,  ref.11-J). 

6% 

TABLE 1. 

Number of Storms wi th  Sudden and Gra.Zual Commencement by c a t e g o r i e s  
i n  every  y e a r  f o r  t h e  p e r i o d  1940-1959. 
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50 
38 
173 

To sum-up t h e  a f o r e s a i d ,  we may draw t h e  f o l l o w i n g  conclu- 

s i o n s  : 

-DDst-current, t h e  U-measure, and t h e  SC-s to rm a r e  s u b j e c t  t o a  

s i n g l e  l a w  of  t h e  11-year d i s t r i b u t i o n ,  which i s  b a s i c a l l y  c h a r a c t e r i -  

zed by a good ag reenen t  w i th  the  course  o f  t h e  r e l a t i v e  number of 

s u n s p o t s  and t h e  maxima'coincidence. A poor  correspondence wi th  t h e  

d i s t r i b u t i o n  o €  t h e  r e l a t i v e  number of s u n s p o t s  is no ted  f o r  SD - 
c u r r e n t s  and f o r  G-storms. 

-Storms w i t h  sudden a n d  gradual  comiencement, as w e l l  as t h e  

and S - c u r r e n t s  d i f f e r  i n  t h e i r  i n t e n s i t y .  T h i s  conc lus ion  may 
Ds t- D 
be made on t h e  b a s i s  of s t a t i s t i c a l  t a b u l a t i o n s  brought o u t  i n  

T a b l e  1. 

It may be s e e n  from t h a t  Table  t h a t  76% of  all v e r y  g r e a t  

s to rms  f o r  a twenty-year pe r iod  had a sucden  beg inn ing ,  45% of  all 

g r e a t  s torms  and 22:; of  t h e  moderate s to rms  were i n  t h e  same case .  

T h e r e f o r e ,  i t  may be s z i d  t h a t ,  as a r u l e ,  v e r y  g r e a t  s t o r m s  have a 

sucLden comciencenent, and t h e  moderate ones - a g r a d u a l  comxencement. 

Talcing f o r  100 p e r c e n t  t h e  number o f  s to rmswi th  a sudden  commencement 

and co r re spond ing ly  t h a t  w i th  g radua l  commencement, we s h a l l  o b t a i n  

c o r r e l a t i o n s  (Tab le  2 )  which show, t h a t  SC-storms may be e s t i m a t e d ,  

as an average, as g r e a t  s t o r m ,  whereas G-storms may be cons ide red  as 

moderate. Thus,  t h e  conc lus ion  may be drawn, that SC-storms exceed 

t h e  G-storms i n  i n t e n s i t y .  

305 80 o r d e r  t o  t r a c e  t h i s ,  t h e  20- 62 16 
22 1 2  y e a r  p e r i o d  (1940-1959) was 

broken UD i n  v e a r s  o f  s o l a r  100 379 100 

1--- --.- 
\Jd b t: gu ry 

o f  
Storms 

Mode r a t  e 
G r e a t  
Very g r e a t  
TotciL number 

-_ 

S t i l l  a n o t h e r  p e c u l i a -  
Table 2. 

r i t y  may be no ted  f o r  SC- 
storms . ' t h e i r  number v a r i e s  

f o r  y e a r s  o f  i n c r e a s e d  and 

-I- - I 

1 SC-s;orl:ls 1 G-storms 

13/1 Q-1953 
--I-- - -. 

1%0-1954) and 

a c t i v i t y  de c r e  ase ( 1940-1 944, 
i n  y e a r s  of i n c r e a s e  (1945-1949, 1955 -1959). 
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o f  
Storms 

It r e s t a t e d  (Tab le  3 )  t h a t  du r ing  y e a r s  o f  s o l a r  a c t i v i t y  d e c r e a s e ,  

22% of t h e  s t o r m  had a sudden commencement, x h i l e  d u r i n g  t h e  y e a r s  

o f  i n c r e a s e  45% of  them were s o  c h a r a c t e r i z e d .  

Hence i t  follows t h a t  d u r i n g  t h e  y e a r s  o f  solar a c t i v i t y  

i n c r e a s e ,  t h e r e  a r e  twice as  many SC-ctorms, as i n  t h e  y e a r s  o f  i ts 

d e c r e a s e .  

a l l  sc 56 G 76 

TABLE 3. 

Moderate 
G r e a t  
Very Great  
T o t d  Number 

Number of Storms wi th  a Sudden and Gradual Commencement d u r i n g  t h e  
Years of  Decrease (1940-1544, 1950 - 1954) and Decrease 

(1945-1949, 1955 - 1959) i n  S o l a r  A c t i v i t y  

189 26 1 4  163 86 
51 13 25 38 75 
1 9  11 58 8 42 

259 56 22 209 78 

C a t  e gory  I S o l a r  ac  t i v  . de c r e  a se  

I 1 I I I 

Oppos i te  deduc t ions  were a r r i v e d  

S o l a r  a c t i v .  i n c r e a s e  

ti 
182 59 32 

61 37 61 
31 27 87 

274 123 45 

123 68 

151 55 

at  by V. I. Afanas'yeva [ 3 3 ,  
who a s s e r t s  i n  h e r  work : 

a) t h a t  t h e  r e l a t i v e  number o f  SC-storms does n o t  depend 

upon t h e  ph s e  o f  t h e  a c t i v i t y  c y c l e  i n  a s imple  f z s h i o n ,  

b) t h a t  SC- and G-storms of any i n t e n s i t y  a r e  met w i th .  

Besides ,  t h e  r e v i s i o n  o f  magnetograms has  demonst ra ted ,  as 

Afanas lyeva  p o i n t s  out? t h a t  sudden comzencements or im-pulses! are 

e n a u n t e r e d  i n  t h e  m a j o r i t y  of s to rms  and d i s t u r b a n c e s  o f  any i n t e n -  

s i t y .  Thus ,  SC-storms l o s e  t h e i r  e x c l u s i v i t y .  

The conc lus ions  reached i n  t h e  c u r r e n t  v;ork allow t h e  subd i -  

v i s i o n  o f  t h e  stor-ns i n t o  two t y p e s ,  and t h e  assumption t h a t  s t r e a m s ,  

r e s p o n s i b l e  for both  types  o f  s t o r m s ,  must a l s o  d i f f e r  i n  t h e i r  i n t e n -  

s i t y .  D o r m a n  [4] also a r r i v e s  at t h e  same c o n c l a s i o n  : On t h e  b a s i s  

o f  t h e  s t u d y  o f  d a t a  on cosific r a y s ,  he s u b d i v i d e s  c o r p u s c u l a r  s t r eams  
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a c c o r i d n g  t o  t h e i r  p r o p e r t i e s  i n t o  s t r eams  o f  t h e  f i r s t  and second 

t y p e ,  J u s t  as t h e  s t r eams  of the  f i r s t  t y p e ,  t h o s e  re,.-ponsible f o r  

G-storms a r e  l e s s  i n t e n s e ,  ana t h e y  cause b a s i c a l l y  weak and mode- 

r a t e  magnetic d i s t u r b a n c e s  a t  r e a c h i n g  t h e  E a r t h .  S t reams respon- 

s i b l e s  f o r  SC-storms may be r e l a t e d  t o  t h o s e  of t h e  second type  by 

t h e i r  p r o p e r t i e s ,  as they  b e a r  l l f rozen- in t !  magnetic f i e l d s  o f  sub- 

star,tial i n t e n s i t y ,  ana a t  h i t t i n g  t h e  E a r t h  t h e y  mos t ly  provoke 

g r e a t  and ve ry  g r e a t  magnetic s to rms .  J u s t  as t h e  S C - s t o r m ,  t h e  

second type  s t r e a m  c o r r e l a t e  we l l  w i th  t h e  r e l a t i v e  s u n s p o t  numbers, 

whi le  t h o s e  of  t h e  f i r s t  t ype  and t h e  G-storms show a poor agreement.  

The s i g n i f i c a n t  i n c r e a s e  i n  t h e  number o f  SC-storms du r ing  

t h e  y e a r s  of solar a c t i v i t y  i n c r e a s e  (Table  3 )  may be e x p l a i n e d  by 

more f a v o r a b l e  c o n d i t i o n s  f o r  c o r p u s c u l a r  s t r e a n i t s  y i e l d .  A s h a r p  

v a r i a t i o n  i n  t h e  s u r f a c e s  o f  sunspo t  groups, and t h e  appearance i n  

them o f  m a x i m u m  magnetic f i e l d s  t a k e s  p l a c e  p r e c i s e l y  i n  t h e  y e a r s  

o f  s o l a r  a c t i v i t y  i n c r e a s e .  The s h a r p  v a r i a t i o n  o f  magnetic f i e l d s  

may l e a d  t o  t h e  fo r t ; a t ion  o f  powerful e l e c t r i c  f i e l d s ,  whose j o i n t  

a c t i o n  w i l l  c o n t r i b u t e  t o  c o r p u s c u l a r  s t r e a m  y i e l d  ( ec r r e s s ) .  

1. H. G .  AFONIIU'L. Obzor geonagnitnoy a k t i v n o s t i  z a  1952-1959 ( i n  p r i n t )  

2 .  1". -- 2. f3ZX1KGV-.. Trudy B I I Z I : ,  vyp. l O ( 2 0 ) .  Gidrometeoizda t ,  1953. 
3 . V, I. 4FA'idAS l Y Z X s ,  1J:agnitno-ionosfernyye vozrnushcheniya. M. , 12-16, 

4. L. I. DOREAN. F i z i k a  solnechnykh korpuskulyarnykh potokov i ilrh 

~- 

Izd-vo A. M.SSSR, 1959 

."vzdeyb yge iia --I-- 1-1 -.__-_ ~ _ _ _ _  -I I_^_ .@- _ _ _ _  ,7-.-'I -. %I 'I 'I 9 , ?I- 
VCLrLllllyuy u abIIIUL3II)Ic'I  u LIC'LLUI. ,  I . l , I I L - IL /  

Izd-vo A. N.SSSR, 1957. 
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